INTRODUCTION
Members of the herpes virus group produce virus-cell interactions which can vary from productive virus growth and cell death to minimal expression of virus functions and survival of a transformed, 'immortal' cell line which may have tumourigenic properties. (Klein, 1973; Falk et al. 1974; Payne et al. 1974) .
Productive infection of primary adult human lymphocytes by herpes simplex virus (HSV) requires prior stimulation of the host cell by a mitogen such as phytohaemagglutinin or concanavalin A (Bouroncle et al. 197o; Dostal et al. 1977; Kirchner et aL 1977; Pelton et al. 1977; Westmoreland, 1978) , although small amounts of virus progeny are produced in cultures of unstimulated cord-blood lymphocytes. (Westmoreland, I978 ) . In this last paper it was reported also that unstimulated lymphocyte cultures responded to HSV infection with a transient increase in cellular DNA synthesis which was not immunologically determined and that if virus c.p.e, were reduced by u.v. irradiation, cultures of cord lymphocytes produced clumps of lymphoblastoid cells in response to HSV. Mitogenic properties of HSV have been described in cultures oflymphocytes from adult, non-immunized mice (Mochizuki et al. I977) .
The results described in the present paper demonstrate that the blastogenic response induced by u.v.-irradiated HSV in primary human foetal lymphocytes can be studied quantitatively by assay of aH-thymidine incorporation. The data demonstrate that lymphocyte stimulation depends on the dose of u.v. light used to inactivate virus infectivity and that the responding cells are associated with the T-depleted (B-enriched) lymphocyte subpopulation. Observations are also presented on variation between different isolates of HSV in their ability to induce a blastogenic response. 
Cells.
Human foetal lymphocytes were obtained from heparinized cord blood by centrifugation on Ficoll (6"4 %)-Hypaque (9"8 %). Washed leucocytes from the gradient interface were incubated at 37 °C in plastic culture bottles to allow removal of adherent cells. Cells were maintained in RPMI-I64o supplemented with to % foetal calf serum (FCS) and antibiotics, either in Linbro tissue culture multi-well plates or, for short periods, in Sterilin micro-test plates. Separation of lymphocytes into T-cell-enriched and T-cell-depleted subpopulations was on the basis of E-rosette formation with sheep erythrocytes (Lay et al. I97~) .
Virus. HSV isolates were obtained from the Public Health Laboratory Services, University Hospital of Wales, Cardiff, and were typed on the basis of the site of clinical lesion, pock size on the chorioallantoic membrane of hens' eggs (Lowry et al. I97I) and neutralization by specific antiserum (Hummer et al. t97o) . Plaque-purified virus was grown in BHK2I cells, and titrated on RKr3 monolayers as previously described (Westmoreland & Rapp, I976) . Infecting virus was passaged in the laboratory less than five times. U.v. inactivation of the virus stocks in phosphate-buffered saline (PBS) was carried out using a Philips 15-watt germicidal lamp; the incident dose was approx. 7o ergs/mm2/s.
Assay of 3H-thymidine uptake by leucocyte cultures. Cells were maintained in wells containing 2 × i o ~ cells in a total volume of o.I5 ml medium. 6-3H-thymidine was added at a final concentration of 2. 5/~Ci/ml for a period of 4 h. After the labelling period 5o #1 of to% sarkosyl-EDTA (0"2M) in 0-I x SSC were added to each well, the contents of which were spotted on to filter papers, extracted in cold 5% trichloroacetic acid, rinsed in ethanol, dehydrated in acetone and the precipitated radioactivity assayed. Three or four identical cultures were set up for each assay.
Autoradiography. Cytospun preparations of cells which had been cultured in the presence of 2.5# Ci/ml 6-3H-thymidine for 4 h, were fixed in ethanol, rinsed overnight and dipped in Ilford K5-emulsion. Emulsion-coated preparations were stored for I week prior to development. After development and fixation the preparations were stained for I h in Giemsa stain.
Virus particle counting. Virus of known titre was mixed with an equal volume of latex bead suspension and 2 % phosphotungstate (pH 6"4). The number of virus particles was assessed by direct comparison with the number of latex beads (Westmoreland & Rapp, I976) .
RESULTS

Kinetics of the lymphoblastoid response to u.v.-irradiated HS V
The development by infected cultures of an increased rate of 6-3H-thymidine incorporation was monitored for up to IO days p.i. Fig. I shows results obtained in experiments in which lymphocytes were exposed to HSV type 2 after partial or total inactivation of virus infectivity by u.v. irradiation. Each virus preparation was used at input multiplicities which were calculated from the pre-irradiation titre.
Increased 6-3H-thymidine uptake relative to mock-infected cultures first appeared 4 days after exposure to HSV. Under these experimental conditions thymidine incorporation reached a maximum between 6 and 8 days after the start of the experiment and its subsequent decline is attributable to depletion of the medium in microtitre wells, both by metabolism and evaporation. 
Lymphoblastoid response to HSV
Effect of u.v. irradiation on HSV infectivity and ability to stimulate ~H-thymidine uptake by foetal lymphocyte cultures
Virus infectivity is rapidly inactivated by exposure to u.v. irradiation under the experimental conditions described. Aliquots of irradiated virus were serially diluted and used to 'infect' cultures of foetal lymphocytes. 6-3H-thymidine uptake was assayed I and 8 days p.i. and compared with incorporation by mock-infected cultures. The results obtained are shown in Fig. 2 . U.v. doses of 5 to 30 min (2I × I03 to 126 × I0 ~ ergs/mm ~) caused art increase in the thymidine uptake by cells exposed to virus material. U.v.-HSV stimulating ability was undetectable after 60 rain (250 × I03 ergs/mm 2) irradiation.
Stimulation of thymidine uptake was dependent on the amount of input virus material. Increasing u.v. irradiation of the infecting virus was associated with an increased maximum thymidine incorporation and with an apparent increase in the number of' stimulating units' demonstrated by the persistence of detectable stimulation at higher dilutions of infecting material.
By comparison with mock-infected cultures, cells exposed to high concentrations of u.v.-irradiated HSV material showed reduced incorporation of thymidine 24 to 48 h p.i. (Fig. 2 ) Cultures exposed to non-irradiated virus incorporated rather more 6-3H-thymidine during this period, due to a limited amount of virus DNA synthesis in unstimulated cord cells. At higher dilutions neither effect was detectable.
After 8 days in culture, mock-infected cultures continued to incorporate thymidine but incorporation by cultures infected with all dilutions of infectious virus had fallen to a low level due to the inevitable c.p.e, of the virus in lymphocyte cultures. 
Variation between different HSV isolates in their ability to induce DNA synthesis by cultures of foetal lymphocytes
Primary isolates of HSV were obtained, typed and grown in BHKzI cells to high titre stocks which were compared after u.v. irradiation for the ability to induce 6-ZH-thymidine incorporation by foetal lymphocytes. Not all the isolates tested had demonstrable stimulating capacity over the range of u.v. doses and input multiplicitiestested (Table I) . Particle: infectivity ratios were determined and the data are included in Table I .
Response of separate subpopulations of foetal lymphocytes to u.v.-irradiated HSV
Lymphocytes were separated into T-cell-enriched (E-rosette forming) and T-depleted (non-rosetting) subpopulations which were separately examined for the ability to respond to irradiated or non-irradiated HSV. As shown in Fig. 3 , non-irradiated virus caused enhanced thymidine uptake in unseparated and T-enriched lymphocyte cultures which was detected only during the first 48 h p.i. This is due to virus-specific DNA synthesis (these cells are permissive for virus growth during r to 3 days p.i.). Eight days p.i. unseparated lymphocyte cultures showed a blastoid response to Io rain-irradiated HSV but not to fully infectious virus, an effect which was not observed in the T-enriched subpopulation but associated with the T-depleted, non-E-rosetting cells. These cells did not respond to unirradiated virus, nor could infectious progeny be detected in such cultures after infection. Fig. 4 and 5 illustrate the appearance of cultures of foetal ceils after exposure to irradiated HSV. The cells incorporating 6-3H-thymidine are easily distinguished by autoradiography and Fig. 4 shows mitotic figures in the stimulated cultures, suggesting that cell division had occurred. Cultures were maintained for several months and subcultured for a maximum of five times before they started to degenerate. Table 2 shows that the proportion of DNA-synthesizing cells was highest in non-Erosetting subpopulations after exposure to u.v.-irradiated HSV and that since the T-enriched population responded to phytohaemagglutinin (PHA) stimulation (shown by 6-3H-thymidine incorporation in other experiments) failure to respond to u.v.-irradiated HSV cannot be attributed to reduced viability caused by the separation techniques employed. Virus antigen production and infectious progeny yield from HSV-infected foetal lymphocyte cultures Systematic investigation of the production of virus progeny by cultures of foetal cells exposed to u.v.-irradiated HSV provided no evidence for repair and subsequent replication of infectious HSV (Ross et al. I97I) .
Autoradiography of foetal lymphocyte cultures exposed to irradiated HSV
Virus antigen synthesis was assayed by indirect immunofluorescence using rabbit antiserum which showed HSV-specific antigens in lymphocytes exposed to infectious virus and in occasional cells exposed to partially inactivated virus. However, neither the appearance of lymphoblastoid cell clumps nor their subsequent degeneration was associated with the appearance of virus antigens detectable by immunofluorescence.
DISCUSSION
This paper describes further investigations of the lymphoblastoid response of foetal lymphocytes to u.v.-HSV which was first reported in a previous publication (Westmoreland, T978) and demonstrates that thymidine incorporation can be used to monitor this response. Variation in blastoid transformation according to virus strain, with input multiplicity of virus material and with increasing u.v. exposure of the infecting virus was determined, as well as the time course of development of significant virus-induced blastogenesis. Labelled material from the stimulated cultures formed a single band on caesium chloride gradients with the density of cell DNA; virus DNA synthesis was only detectable in cultures infected with unirradiated virus (Westmoreland, I978 ) . Within the foetal lymphocyte population, cells which are stimulated by u.v.-irradiated HSV, unlike those permissive for virus growth, are found within the non-E-rosetting (non-T-cell) population. Attempts to demonstrate rescue of infectious virus or virus antigens in stimulated cultures were unsuccessful. None of the lymphob[astoid cells gave rise to permanent ceil lines although prolonged survival, often for several months, was observed and the cells could be shown to undergo several divisions. The failure of heavily irradiated virus to stimulate a lymphoblastoid response and the previously reported inability of formalin-or heat-inactivated virus to stimulate DNA synthesis (Westmoreland, i978) suggest that the lymphoblastoid response is not induced by exposure to virus antigens, although a mitogenic antigen which was not preserved by the techniques used, could be responsible.
The strain of virus which was the most potent lymphocyte stimulator, 4663 (type 2) had a very high particle: infectivity ratio but was not found to be significantly more sensitive to u.v. irradiation than other, less potent strains. This is in contrast with observations on the fibroblast transforming properties of two mutant strains of HSV type 2 in which high transformation frequency was associated with u.v. sensitivity rather than a high particle: infectivity ratio (Westmoreland & Rapp, I976) .
The relationship of foetal lymphocyte 'transformation' in response to u.v.-irradiated HSV to lymphoproliferation induced by other herpesviruses is intriguing. Unlike, for example, the Epstein-Barr virus, u.v.-HSV seemed unable to induce permanent lymphoid cell lines. The limited stimulation induced by u.v.-HSV might represent a first, necessary, but insufficient step in the 'immortalization' process, or it might be more closely analogous to plant lectin mitogenesis which is not followed by indefinite proliferation of the stimulated cells. A third possibility is that the response of foetal lymphocytes is limited by loss, during prolonged culture, of HSV-specific stimulating factors which are required for continued growth and, like cultures of bovine lymphocytes which proliferate in vitro as a result of Theileria infection (Hutliger et al. 1964; Bloom z979) , loss of the stimulating agent from u.v.-HSV-treated foetal lymphocytes leads to cessation of cell growth.
